Polychaetes consist mainly of marine organisms and include approximately 8000 different species (Christensen 1980) representing more than 80 families ( Fauchald and Rouse 1997) . These worms are an extremely successful group as can be inferred by their rich variety of forms, diversity of life habits, and large ecological and geographical ranges.
The dorvilleid genus Ophryotrocha has raised the interest of researchers because species of this genus exhibit all forms of animal sexuality, that is, simultaneous hermaphroditism, sequential hermaphroditism, and gonochorism (Akesson 1984; Bacci 1978; Berglund 1991; Premoli and Sella 1995; Sella 1990 Sella , 1992 . In contrast, Ophryotrocha species have not been fully investigated from a karyological point of view. Available articles deal with diploid chromosome number (2n) in 18 species (Akesson 1984; Robotti et al. 1991) , genome size (GS) in eight species (Gambi et al. 1997; Sella et al. 1993 ) and the description of silver-stained nucleolar organizer regions (Ag-NORs) in nine species .
These data indicate that among Ophryotrocha species: (1) no connection can be established between forms of sexuality and chromosome number; (2) diploid number can be used to divide species into three groups with 2n ϭ 6, 2n ϭ 8, or 2n ϭ 10; (3) karyotypes are invariably composed of metacentric chromosomes, except for O. sp. robusta (2n ϭ 10) in which pair 5 is acrocentric; (4) the known GS is between 0.4 pg and 1.16 pg; and (5) the number and distribution of silver-stained NORs is generally intraspecifically variable.
Three questions concerning advanced cytogenetic investigation of the genus Ophryotrocha remain still unsolved: (1) the extent of NOR polymorphism; (2) ribosomal cistrons composition and localization; and (3) heterochromatin content and its distribution in the chromosomes.
We examined a large number of silverstained metaphase spreads of the nine Ophryotrocha species previously studied and silver-stained chromosomes of O. costlowi (2n ϭ 6), unknown in this respect. To test NOR composition, combined silver impregnation and, for the first time in the genus Ophryotrocha, chromomycin A 3 (CMA 3 ) staining were applied to metaphase chromosomes in 10 species. It is known that while silver presumably reveals active NORs by staining acidic proteins ( Hernandez-Verdun et al. 1993; Howell 1982) , CMA 3 individualizes both active and inactive NORs possibly due to the high GC content of the rDNA (Schmid and Guttenbach 1989) .
As already observed in other organisms (i.e., Pendás et al. 1993; Sánchez et al. 1995; Vitturi et al. 1998) (Sella et al. 1993) , metaphase spreads of these two species and those of O. costlowi, O. notoglandulata, and O. gracilis with 0.4 pg DNA were Cbanded.
Materials and Methods
The 10 species considered here are five gonochoric species with 2n ϭ 6, namely O. l. labronica, O. sp. l. pacifica, O. costlowi, O. notoglandulata, O. sp . macrovifera, three simultaneously hermaphroditic species, O. diadema (2n ϭ 8), O. gracilis and O. hartmanni ( both with 2n ϭ 10), the gonochoric O. robusta with 2n ϭ 10, and O. p. puerilis (2n 8), the only one sequential hermaphrolitic species of the genus. For their geographic distribution, site of collection, and 2C DNA content, see Sella et al. (1993) . Stocks of Mediterranean species were collected by the authors in Genova harbor, while stocks of Atlantic and Pacific species were kindly provided by B. Akesson, University of Goteborg. All 10 species stocks were reared in the laboratory according to Akesson (1967) .
Following Sella et al. (1995) , for each species we reared 80 pairs of mature adults, which were substituted every second month, when their reproductive output began to decline. Chromosome preparations were obtained from early developing embryos. Two-day-old embryos were incubated for 8 h in a seawater colchicine solution (0.025%). Slides were obtained by splashing the fixed cell suspension according to the air-drying technique described by Macgregor and Varley (1988) .
Fluorochrome staining with the GC-specific chromomycin A 3 was carried out as described by Schmid et al. (1983) . Active NORs were identified by the colloidal silver nitrate one-step method ( Howell and Black 1980) on untreated chromosome preparations and on preparations previously stained with CMA 3 . Constitutive heterochromatin was detected by C-banding as described by Sumner (1972) .
FISH to fixed mitotic chromosomes was performed using a Paracentrotus lividus ( Echinodermata) 4.3 kb rDNA probe (prR14) consisting of sequences from the 3Ј end of 18S rDNA to the 3Ј end of 26S rDNA. Nick translation labeling with digoxigenin and hybridization experiments were performed according to manufacturer's instructions ( Boehringer Mannheim). Slides were mounted in an antifade solution containing propidium iodide (5 g/ ml) and viewed under a Leica filter set I3 ( BP 450-490; LP 515), which allowed the simultaneous visualization of fluoresceinlabeled hybrid (yellow) and chromosomal DNA (red). Metaphase chromosomes were observed with a Leica microscope and photographed on Agfaortho 25 ASA, Kodak TMAX 400 ASA, and Kodak Ektacolor 1000 ASA films.
Chromosomes were classified by the criteria of Levan et al. (1964) . For chromosome measurements and karyotype characterizations of the 10 species of this study we refer to previous articles (Robotti et al. 1991; Sella et al. 1995) .
Results

Silver Staining
Species with 2n ϭ 6. After silver staining, active NORs were located terminally in O. costlowi, O. sp. macrovifera, O. notoglandulata, O. l. pacifica, and O. l. labronica ( Figure 1a, c, e, g, i) . Intraspecific heteromorphism in homologous NOR size ( Figure 1b,d ,f,h,l) as well as in NOR number and distribution ( Table 1 , see also Figure  5 ) could be observed.
Species with 2n ϭ 8. Silver-stained NORs were located terminally in O. p. puerilis ( Figure 1m ) and corresponding to an interstitial secondary constriction of pair 4 in O. diadema ( Figure 1n) . A wide intercellular variation in NOR distribution occurred in O. p. puerilis resulting in several karyotypic forms ( Table 1 , see also Figure  5 ). In O. diadema, two spreads were found to possess paracentromeric Ag-NORs in five chromosomes ( Figure 1o) .
Species with 2n ϭ 10. Ag-NORs were always terminally located in O. hartmanni, O. gracilis, and O. sp. robusta ( Figure  1p,q,r) . Intercellular variation in the location of NORs could be observed in O. hartmanni and O. gracilis, whereas a constant number of two NORs per cell occurred in O. sp. robusta. Therefore, while different Ag-NOR cytotypes could be ascertained in the two former species, a single silverstained cell type involving the acrocentric chromosomes of pair 5 was ascribed to the latter one ( Table 1, see also Figure 5 ).
CMA 3 Staining
Species with 2n ϭ 6. CMA 3 staining revealed that fluorescence of Ag-NORs was not substantially enhanced by this fluorochrome in all five species ( Figure 2a-e) . Exceptionally, NORs looked like small, weak fluorescent signals (cf. Figure 2f ) .
Species with 2n ϭ 8. CMA 3 staining showed that Ag-NORs both of O. p. puerilis and O. diadema always fluoresced brightly ( Figure 2g,h) .
Species with 2n ϭ 10. After CMA 3 staining, Ag-NORs appeared to fluoresce brighter than the remaining chromosome regions in both O. hartmanni ( Figure 2i) and O. gracilis ( Figure 2l ), whereas they invariably showed a dull fluorescence in O. sp. robusta ( Figure 2m) . In O. hartmanni, NOR regions previously stained with silver were occasionally stained partially by CMA 3 ( Figure 2o,p) . In O. gracilis a few spreads showed that the fluorescence of Ag-NORs was not enhanced by CMA 3 ( Figure 2n) . Figure 3f ,g. In O. hartmanni Ag-NORs always appeared as definite C bands ( Figure 3c ).
C-Banded Chromosomes
Chromosomal Location of rDNA Detected by FISH
In O. l. labronica (2n ϭ 6) one cytotype showing both elements of pair 3 with minute, terminal FISH signals could be observed ( Figure 4a and Table 1 ). In O. diadema the two chromosomes of pair 4 always had paracentromeric hybridization signals ( Figure 4b ), sometimes different in size ( Figure 4c) . O. p. puerilis showed two cytotypes with terminal hybridization signals involving chromosomes of pairs 2 and 4. The first cytotype included homologues of pair 2 ( Figure 4d ), while the second consisted of three chromosomes of which two belonged to pair 2 and one to pair 4 ( Figure  4e and Table 1 ). Hybridization signal of one homologue of pair 2 was often large in size ( Figure 4f ) .
In O. sp. robusta, two FISH signals, often associated, occurred at the terminal region of the short arm of the acrocentric pair 5 ( Figure 4g ). In 2 of the 30 spreads investigated, one signal could be detected ( Figure 4h) .
The cell number of each species after FISH treatment is reported in Table 1 .
NOR-Bearing Chromosome Association
Nonrandom NOR association was observed in O. sp. robusta, O. diadema, and O. hartmanni after staining with various banding techniques.
Discussion
Silver staining of more than 500 spreads of 10 Ophryotrocha species revealed that intraspecific variation in the number and distribution of silver-stained NORs is much more conspicuous than that previously found by Sella et al. (1995) . Polymorphisms of this type occur in O. l. labronica, O. p. puerilis, and O. diadema , which were previously reported as monomorphic and additional Ag-NOR karyotypic forms have been observed in O. sp. macrovifera, O. l. pacifica, O. notoglandulata, O. hartmanni, and O. gracilis, already identified as polymorphic . Only in O. sp. robusta Ag-NORs were invariably located on a single chromosome pair (pair 5).
Because chromosome preparations were obtained from a number of embryos we are not able to conclusively state whether polymorphism reported here is due to intra-individual or interindividual differences. However, irrespective of the kind of polymorphism, a ribosomal cistron transfer mechanism, based on nonhomologous exchange, as suggested by Mandahl (1979) and by Elder and Turner (1995) , might be responsible for the marked intercellular variability in the NOR distribution within Ophryotrocha species. Homologous exchange might be responsible for differences in the number of ribosomal genes among homologous chromosomes. The homologous exchange mechanism seems to be strongly supported by the frequent nonrandom NOR associations observed in O. diadema, O. hartmanni, and O. sp. robusta (Sella et al. 1995; this article) .
Interspecific differences emerged after CMA 3 staining. Contrary to 2n ϭ 6 species, species with 2n ϭ 8 and 2n ϭ 10 (except for O. robusta and occasionally O. gracilis) show that their Ag-NORs are substantially positive to CMA 3 staining. This finding indicates that rDNA of species of two latter groups is rich in GC base pairs and suggests a possible trend toward a GC-rich rDNA compartmentalization within the genus Ophryotrocha. This process seems to be at an advanced stage in species with 2n ϭ 8 and 2n ϭ 10, while it would be at its beginning in species with six chromosomes.
rDNA Pendás et al. 1993) , such an association has been reported in teleosts (Amemiya and Gold 1986; Rossi et al. 1996) and seems to be a quite common feature in the scarab beetle Thorectes intermedius ( Vitturi et al. 1999) .
Interspecific differences in the amount of constitutive heterochromatin have also been observed. While C-positive bands occurred on centromeric regions of all chromosomes in O. costlowi, O. sp. macrovifera, and O. hartmanni, they appeared on the centromeric region of a single chromosome pair in O. notoglandulata and were seemingly absent in O. gracilis. C-banding might be inadequate to locate small, faint heterochromatin amounts such as those found in Ophryotrocha species. Compared with the basic GS of 0.4 pg found in O. costlowi, O. notoglandulata, and O. gracilis (Sella et al. 1993) , the increased GS reported for O. sp. macrovifera (0.8 pg) and O. hartmanni (1.16 pg) apparently cannot be attributed to variations in the amount of C-heterochromatic DNA in these species. Although slightly larger than that of O. notoglandulata and O. gracilis, but similar to that of O. costlowi, heterochromatin amounts of O. sp. macrovifera and O. hartmanni are not sufficient to justify a twofold or threefold increase in DNA content.
Finally, on the basis of cytological results, O. sp. robusta (2n ϭ 10) appears to be quite different from all other species investigated here. It has one pair of acrocentric chromosomes, one pair of NORbearing chromosomes, the base DNA content (0.4 pg) (Sella et al. 1993 , and an absence of compartmentalized rDNA (not particularly enriched in GC base pairs). These characters could be considered as plesiomorphic characters ( Bernardi and Bernardi 1986; Powers and Gold 1992) and seem to support the view that only minor cytological changes have occurred during the karyotype evolution of this species.
